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(57) ABSTRACT

A sterilization device includes a housing having a flow pas-
sage R of a fluid that is to be sterilized; and an LED element
being disposed in the housing to irradiate ultraviolet light into
the flow passage R, wherein an inner wall surface of the flow
passage has a pair of reflection surfaces (a first reflection
surface and a second reflection surface) which directs the
ultraviolet light irradiated from the LED element from one
side of the flow passage R to another side thereof while
reflecting the ultraviolet light a plurality of times; and a return
surface that includes a surface that is perpendicular to an
optical axis of the light which has been reflected a plurality of
times from one side to the other side, and returns the light
toward its original direction is formed on a side of the first
reflection surface.

2 Claims, 9 Drawing Sheets
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STERILIZATION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International Appli-
cation No. PCT/JP2013/062247, filed Apr. 25, 2013, which
claims priority to Japanese Application No. 2012-115880,
filed May 21, 2012. The entire disclosures of each of the
above applications are incorporated herein by reference.

FIELD

The present disclosure relates to a sterilization device
which sterilizes fluids such as liquid, gas, or the like.

BACKGROUND

Inwater purifiers or the like, there has been known one with
a sterilization device that sterilizes water by irradiating ultra-
violet light (refer to a first patent document). There has also
been known a technology in which, when irradiating ultra-
violet light into the interior of a flow passage, the irradiated
light is caused to reflect repeatedly (refer to a second patent
document).

With reference to FIG. 9, an imaginary technology in
which, when ultraviolet light is irradiated into the interior of
a flow passage, the irradiated light is reflected therein repeat-
edly and sterilizes a fluid such as water or the like will be
explained. FIG. 9 is a schematic cross sectional view of a
sterilization device according to such an imaginary technol-
ogy.

A sterilization device 600 is provided with a housing 610
having a flow passage R for a fluid to be sterilized, and a light
source unit 620 which is disposed in the housing 610. The
light source unit 620 is provided with a LED element 621
which is a light source for irradiating ultraviolet light into the
flow passage R. An inner wall surface of the flow passage R
has a pair of reflection surfaces 611, 612 which direct the
ultraviolet light irradiated from the LED element 621 from
one side to another side of the flow passage R while reflecting
the ultraviolet light a plurality of times. Note that a line L in
FIG. 9 indicates the center (optical axis) of the ultraviolet
light irradiated from the LED element 621.

Beneath the cross sectional view shown in FIG. 9, arelation
between the distance and the light intensity along the center-
line of the flow passage R from the one side to the other side
is illustrated in a graph. As illustrated, the light intensity
attenuates as being inversely proportional to the square of the
distance. In the example as illustrated, when the ultraviolet
light leaks to the outside of the housing 610, the light intensity
thereof is reduced to such a degree that it does not affect
human bodies or the like. Here, in order to achieve a steril-
ization effect, the light intensity needs to be equal to or greater
than a certain value. As the fixed value varies with the wave-
length of the ultraviolet light, the light intensity required to
achieve the sterilization effect with the ultraviolet light irra-
diated from the LED element 621 is shown as YO [J/cm?]. In
this case, the sterilization effect will be achieved only in a
region within a distance up to X0 [mm].

As described, the light intensity of the ultraviolet light
attenuates as being inversely proportional to the square of the
distance. For that reason, in the case of the above described
imaginary technology, there is a problem that the region in
which a sterilization effect can be achieved is narrow, and thus
sterilization efficiency is low. On the other hand, there is yet
another problem that in order to keep human bodies or the like
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from being affected when the ultraviolet light leaks to the
outside, the overall length of the housing 610 needs to be
constructed much longer than the length of the region in
which the sterilization effect can be achieved. Meanwhile, the
ultraviolet light not only causes bad influences to human
bodies, but in cases where the sterilization device 600 is
attached to a water purifier or the like, it also causes deterio-
ration of other components that constitute the water purifier or
the like.

CITATION LIST
Patent Literature

Japanese patent application laid-open No. 2010-214241
Published Japanese Translation No. 2007-502200 of PCT
International Publication

SUMMARY

Technical Problem

The object of the present disclosure is to provide a steril-
ization device which is intended to improve sterilization effi-
ciency, while being reduced in size.

Solution to Problem

In order to solve the above described problems, the present
disclosure employs the following means.

A sterilization device according to the present disclosure
that comprises: a housing having a flow passage of a fluid that
is to be sterilized; and a light source being disposed in the
housing to irradiate ultraviolet light into the flow passage, is
characterized in that an inner wall surface of the flow passage
has a pair of reflection surfaces (e.g. mirrors) which direct the
ultraviolet light irradiated from the light source from one side
of'the flow passage to another side thereof while reflecting the
ultraviolet light a plurality of times; and a return surface that
is composed of a surface that is perpendicular to an optical
axis of the light which has been reflected a plurality of times
from the one side to the other side, and returns the light toward
its original direction is formed on a side of one of the pair of
reflection surfaces.

According to the present disclosure, after being reflected a
plurality of times by the pair of reflection surfaces while
traveling from the one side to the other side of the flow
passage, the ultraviolet light is returned by the return surface
and travels from the other side to the one side of the flow
passage while being reflected a plurality of times. Accord-
ingly, the light intensity of the ultraviolet light passing
through the interior of the flow passage becomes the sum of
the light intensity of the ultraviolet light that travels from the
one side to the other side of the flow passage, and the light
intensity of the ultraviolet light that travels from the other side
to the one side of the flow passage. Therefore, the light inten-
sity of the ultraviolet light passing through the interior of the
flow passage can be enhanced. As a result, it becomes pos-
sible to broaden a region in which a sterilization effect can be
achieved. In addition, because the ultraviolet light traveling
from the one side to the other side of the flow passage can be
returned by the return surface, it is possible to suppress the
ultraviolet light from leaking to outside of the housing. In
accordance with this, it is no longer necessary to increase the
overall length of the housing in order to keep the light inten-
sity of the ultraviolet light from affecting human bodies or the
like, and hence, the housing can be reduced in size.
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As for the pair of reflection surfaces, each surface can be
composed of a plane and can be constructed such that the
planes are arranged in parallel with each other and are oppos-
ing each other. In a case of employing this construction, the
following configurations, for example, can be employed for a
geometrical configuration of the light source and so on to
direct the ultraviolet light irradiated from the light source
from the one side to the other side of the flow passage while
reflecting it a plurality of times.

Firstly, a configuration in which the light source is arranged
with respect to the housing in such a manner that the direction
of the ultraviolet light irradiated from the light source can be
inclined from the one side toward the other side of the flow
passage with respect to the normal line of the reflection sur-
faces can be employed.

Secondly, a configuration in which the light source is
arranged on the housing in such a manner that the direction of
the ultraviolet light irradiated from the light source coincides
with the normal line of the reflection surfaces, and in which a
preliminary reflection surface to reflect the ultraviolet light
irradiated from the light source to incline the light toward the
other side of the flow passage is disposed on a side that is
further to the one side of the flow passage from the pair of
reflection surfaces can be employed. Even in this configura-
tion, after reflecting the ultraviolet light irradiated from the
light source by preliminary reflection surface, it is possible to
let the light travel from the one side to the other side of the
flow passage by reflecting it a plurality of times by the pair of
reflection planes.

In addition, at a location where the ultraviolet light irradi-
ated from the light source enters the flow passage, a window
that prevents an incursion of the fluid while it allows the
ultraviolet light to pass through may be provided so that the
fluid to be sterilized does not flow toward the light source side.
In this case, it is desirable not to let the reflected light, that is
the ultraviolet light irradiated from the light source and
reflected for the first time, enter the window. This is because
a portion of the reflected light which enters the window does
not thereafter return to the interior of the flow passage, and
thus it does not contribute to sterilization. Hence, the steril-
ization efficiency will be decreased.

As a measure to deal with this, a half mirror which allows
the ultraviolet light traveling from the light source side toward
the interior of the flow passage to pass through, while reflect-
ing the ultraviolet light traveling from the interior of the flow
passage toward the light source side, can be provided to the
window. Nevertheless, because the transmittance and the
reflectance of the half mirror are low as compared with ordi-
nary mirrors, the amount of light transmitting therethrough is
reduced. Hence, it is desirable to keep the reflected light from
entering the window by a geometrical configuration of the
light source and/or a preliminary reflection surface. When,
however, the direction of the ultraviolet light irradiated from
the light source and/or the direction of the ultraviolet light
reflected by the preliminary reflection surface is inclined too
much toward the other side of the flow passage, the distance
the light travels after being reflected once and until the next
reflection may become long. In this case, a region through
which the ultraviolet light does not pass may be formed
(increased) within the flow passage. As a measure to deal with
this, for example, a reflection direction regulating surface to
regulate the direction of the reflected light of the ultraviolet
light can be provided on one of the pair of reflection surfaces.

Here, note that the above described respective construc-
tions can be combined with one another wherever possible.
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Advantageous Effects of Disclosure

As explained above, according to the present disclosure, an
improvement in sterilization efficiency can be achieved,
while attaining reduction in size.

DRAWINGS

FIG. 1 is a schematic construction view of a water purifier
provided with a sterilization device according to an embodi-
ment of the present disclosure.

FIG. 2 is a front view of a sterilization device according to
a first embodiment of the present disclosure.

FIG. 3 is a schematic cross sectional view of the steriliza-
tion device according to the first embodiment of the present
disclosure.

FIG. 4 is a front view of a sterilization device according to
a second embodiment of the present disclosure.

FIG. 5 is a schematic cross sectional view of the steriliza-
tion device according to the second embodiment of the
present disclosure.

FIG. 6A and FIG. 6B are views explaining disadvanta-
geous points of the sterilization device according to the sec-
ond embodiment of the present disclosure.

FIG. 7 is a front view of a sterilization device according to
a third embodiment of the present disclosure.

FIG. 8 is a schematic cross sectional view of the steriliza-
tion device according to the third embodiment of the present
disclosure.

FIG. 9 is a schematic cross sectional view of a sterilization
device according to an imaginary technology.

DETAILED DESCRIPTION

Hereinafter, modes for carrying out the present disclosure
will be described in detail by way of example based on
embodiments thereof with reference to the attached drawings.
However, the dimensions, materials, shapes, relative arrange-
ments and so on of component parts described in the embodi-
ments are not intended to limit the scope of the present dis-
closure to these alone in particular as long as there are no
specific statements.

(Application Example of Sterilization Device)

A sterilization device according to an embodiment can be
applied to various kinds of uses such as sterilizing liquids like
water (tap water) and/or gases like air. In the case of the
former, the sterilization device can be, for example, fitted to a
pot-type water purifier, attached to a faucet of a water tap, or
disposed in a water purifier attached to a water tap for steril-
izing water. In addition, in the case of the latter, the steriliza-
tion device can be, for example, attached to an emission gas
pipe to sterilize emission gas. Here, reference will be made,
by way of example, to a case where a cartridge-type steriliza-
tion device is fitted to a pot-type water purifier, with reference
to FIG. 1.

The pot-type water purifier 500 shown in FIG. 1 is provided
with a case 510, a partition 520 which divides a space inside
the case 510 into two regions, and a water-purifying cartridge
550 fitted to the partition 520. In addition, in an upper portion
of the case 510, a first lid 530 for pouring raw water such as
tap water into the case 510, and a second lid 540 for ejecting
the purified water to outside are provided. The interior of the
water-purifying cartridge 550 is filled up with activated car-
bon.

According to the water purifier 500 constructed as
described above, when raw water is poured into the case 510
with the first lid 530 open, water W purified by the water-
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puritying cartridge 550 is stored in a lower portion of the case
510. Then, the purified water W can be ejected to outside by
leaning the case 510 to the side of the second lid 540, with the
second lid 540 open.

Here, in the case of the water purifier 500 constructed as
described above, chlorine in the water stored in the case 510
has been removed by the activated carbon. For that reason,
there is a problem that in case the water is left for along period
of'time, bacteria may occur. Accordingly, in the water purifier
500 according to this embodiment, in order to sterilize the
stored water W, the sterilization device 100 of the cartridge-
type is fitted in the vicinity of the second 1id 540. By doing so,
when the purified water W that has been stored is ejected to
the outside of the case 510, the water W is sterilized by
ultraviolet light at the time of passing through a flow passage
inside the sterilization device 100.

First Embodiment

A sterilization device according to a first embodiment of
the present disclosure will be explained, with reference to
FIG. 2 and FIG. 3. FIG. 2 is a front view of the sterilization
device according to the first embodiment of the present dis-
closure. FIG. 3 is a schematic cross sectional view (A-A cross
sectional view in FIG. 2) of the sterilization device according
to the first embodiment of the present disclosure. In FIG. 3, a
relation between the distance and the light intensity along the
centerline of a flow passage R from one side to another is
illustrated in a graph beneath the cross sectional view.

The sterilization device 100 is provided with a housing 110
having the flow passage R of a fluid that is to be sterilized (in
this case water), and a light source unit 120 being disposed in
the housing 110.

The light source unit 120 is provided with a substrate board
121, an LED element 122 mounted on the substrate board
121, and a lens 123 for condensing ultraviolet light irradiated
from the LED element 122. The LED element 122 is a light
source for irradiating the ultraviolet light into the flow pas-
sage R. The number of the LED element 122 is not limited in
particular, and multiple elements can be arranged in a row
along a longitudinal direction of the substrate board 121 (i.e.
awidth direction of the housing 110). With respect to a power
supply (battery) for the LED element 122, it may be disposed
in the sterilization device 100 (e.g. the housing 110), or may
be disposed on the outside of the sterilization device 100 (e.g.
the case 510 of the above described water purifier 500).

In addition, a window 124 is disposed between the light
source unit 120 and the flow passage R. The window 124 is
arranged so as to separate a region in which the light source
unit 120 is disposed from the flow passage R. That is, in order
to keep the fluid to be sterilized (water) from flowing toward
the side of the light source unit 120, the window 124 bears a
role to prevent an incursion of the fluid into the side of the
light source unit 120 while allowing the ultraviolet light to
pass through.

As shown in FIG. 2, the flow passage R formed in the
housing 110 is constructed such that its cross section becomes
a rectangle. As shown in FIG. 3, an inner wall surface of the
flow passage R has a pair of reflection surfaces which direct
the ultraviolet light irradiated from the LED element 122
from the one side of the flow passage R to the other side
thereof while reflecting the ultraviolet light a plurality of
times. In the following, for the purpose of explanation, the
pair of reflection surfaces are referred to as a first reflection
surface 111 and a second reflection surface 112, respectively,
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6

where necessary. Note that a line L in FIG. 3 indicates the
center (optical axis) of the ultraviolet light irradiated from the
LED element 122.

The first reflection surface 111 and the second reflection
surface 112 are each composed of a plane, and are constructed
such that the planes are arranged in parallel with each other
and are opposing each other. As shown in FIG. 3, the LED
element 122 (the light source unit 120) is arranged with
respect to the housing 110 in such a manner that the direction
of the ultraviolet light irradiated from the LED element 122
inclines from the one side toward the other side of the flow
passage R with respect to the normal line of the first reflection
surface 111 and the second reflection surface 112.

Then, in this embodiment, on the side of the first reflection
plane 111, a return surface 111q is formed on a side that is
further to the other side of the flow passage R from the first
reflection surface 111. The return surface 111a is composed
of'a surface that is perpendicular to the optical axis of the light
which has been reflected a plurality of times from the one side
to the other side of the flow passage R. Accordingly, the light
that has been reflected a plurality of times is returned toward
its original direction by the return surface 111a.

As shown in the graph in FIG. 3, the light intensity attenu-
ates as being inversely proportional to the square of the dis-
tance. Note that, in the drawing, a dotted line S1 represents the
light intensity of the ultraviolet light traveling from the one
side to the other side of the flow passage R, and a dotted line
S2 represents the light intensity of the ultraviolet light trav-
eling from the other side toward the one side of the flow
passage R after being turned back by the return surface 111a.
In addition, a solid line T represents the light intensity of the
ultraviolet light passing in the flow passage R (namely, a sum
of' S1 and S2).

As already explained in Background Art, in order to
achieve a sterilization effect, it is necessary for the light
intensity to be equal to or greater than a certain value. In this
embodiment, similar to the above described imaginary tech-
nology, the light intensity required to achieve the sterilization
effect with the ultraviolet light irradiated from the LED ele-
ment 122 is shown as YO [J/ecm?]. In the case of a construction
in which the return surface 111a is not provided, the light
intensity is as shown by the dotted line S1, and a sterilization
effect will be achieved only in a region up to a distance of X0
[mm]. In contrast to this, in this embodiment, the return
surface 111a is arranged in the vicinity where the light inten-
sity becomes a half of YO. As aresult of this, in the case of this
embodiment, as can be seen from the solid line T, a steriliza-
tion effect can be achieved in a region up to a distance of X1
(>X0) [mm] at which the return surface 111a is disposed.

In addition, as can be seen from the dotted line S2, the light
intensity of the ultraviolet light traveling from the other side
to the one side of the flow passage R becomes sufficiently low
in the vicinity of the light source unit 120. Moreover, the
ultraviolet light traveling toward the one side of the flow
passage R enters the side of the light source unit 120 through
the window 124. Accordingly, almost no ultraviolet light
leaks to the outside of the housing 110.

Advantages of the Sterilization Device According to
the Embodiment

According to the sterilization device 100 of this embodi-
ment, after being reflected a plurality of times by the first
reflection surface 111 and the second reflection surface 112
while traveling from the one side to the other side of the flow
passage R, the ultraviolet light is returned by the return sur-
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face 111a and travels from the other side to the one side of the
flow passage R while being reflected a plurality of times.

Accordingly, the light intensity of the ultraviolet light pass-
ing through the interior of the flow passage becomes the sum
(the solid line T in the graph of FIG. 3) of the light intensity of
the ultraviolet light that travels from the one side to the other
side of the flow passage R (the dotted line S1 in the same
graph), and the light intensity of the ultraviolet light that
travels from the other side to the one side of the flow passage
R (the dotted line S2 in the same graph). Therefore, the light
intensity of the ultraviolet light passing through the interior of
the flow passage R can be enhanced. As a result, it becomes
possible to broaden a region in which a sterilization effect can
be achieved. In addition, because the ultraviolet light travel-
ing from the one side to the other side of the flow passage R
can be returned by the return surface 111a, it is possible to
suppress the ultraviolet light from leaking to outside of the
housing 110. In accordance with this, it is no longer necessary
to increase the overall length of the housing 110 in order to
keep the light intensity of the ultraviolet light from affecting
human bodies or the like, and hence, the housing 110 can be
reduced in size. Moreover, it is possible to suppress the ultra-
violet light from leaking to outside of the housing 110, thus in
cases where the sterilization device 100 is used for the above
described water purifier 500, deterioration of the case 510 and
the like can be suppressed.

Note that the direction of the fluid flowing in the interior of
the flow passage R is not limited in particular, thus for
example, the fluid may flow from the left side to the right side
in FIG. 3, or may flow from the right side to the left side.

Second Embodiment

A second embodiment of the present disclosure is shown in
FIG. 4 and FIG. 5. FIG. 4 is a front view of a sterilization
device according to the second embodiment of the present
disclosure. FIG. 5 is a schematic cross sectional view (A-A
cross sectional view in FIG. 4) of the sterilization device
according to the second embodiment of the present disclo-
sure. In FIG. 5, a relation between the distance and the light
intensity along the centerline of a flow passage R from one
side to another is illustrated in a graph beneath the cross
sectional view. In addition, as for an example of the applica-
tion of a sterilization device 200 according to this embodi-
ment, it is similar to the one already described with reference
to FIG. 1.

The sterilization device 200 is provided with a housing 210
having a flow passage R for a fluid that is to be sterilized and
a light source unit 220 being disposed in the housing 210.

The light source unit 220 is provided with a substrate board
221, an LED element 222 mounted on the substrate board
221, and a lens 223 for condensing ultraviolet light irradiated
from the LED element 222. The LED element 222 is a light
source for irradiating the ultraviolet light into the flow pas-
sage R. The number of the LED element 222 is not limited in
particular, and multiple elements can be arranged in a row
along a longitudinal direction of the substrate board 221 (i.e.
awidth direction of the housing 210). With respect to a power
supply (battery) for the LED element 222, it may be disposed
in the sterilization device 200 (e.g. the housing 210), or may
be disposed on the outside of the sterilization device 200 (e.g.
the case 510 of the above described water purifier 500).

In addition, a window 224 is disposed between the light
source unit 220 and the flow passage R. The window 224 is
arranged so as to separate a region in which the light source
unit 220 is disposed from the flow passage R. That is, in order
to keep the fluid to be sterilized (water) from flowing toward
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the side of the light source unit 220, the window 224 bears a
role to prevent an incursion of the fluid into the side of the
light source unit 220 while allowing the ultraviolet light to
pass through.

As shown in FIG. 4, the flow passage R formed in the
housing 210 is constructed such that its cross section becomes
a rectangle. As shown in FIG. 5, an inner wall surface of the
flow passage R has a pair of reflection surfaces which direct
the ultraviolet light irradiated from the LED element 222
from the one side of the flow passage R to the other side
thereof while reflecting the ultraviolet light a plurality of
times. In the following, for the purpose of explanation, the
pair of reflection surfaces are referred to as a first reflection
surface 211 and a second reflection surface 212, respectively,
where necessary. Note that a line L in FIG. 5 indicates the
center (optical axis) of the ultraviolet light irradiated from the
LED element 222.

The first reflection surface 211 and the second reflection
surface 212 are each composed of a plane, and are constructed
such that the planes are arranged in parallel with each other
and are opposing each other. As shown in FIG. 5, the LED
element 222 (the light source unit 220) is arranged with
respect to the housing 210 in such a manner that the direction
of the ultraviolet light irradiated from the LED element 222
coincides with the normal line of the first reflection surface
211 and the second reflection surface 212.

Then, in this embodiment too, as in the first embodiment,
on the side of the first reflection plane 211, a return surface
211a is formed on a side that is further to the other side of the
flow passage R from the first reflection surface 211. The
return surface 211qa is composed of a surface that is perpen-
dicular to the optical axis of the light which has been reflected
a plurality of times from the one side to the other side of the
flow passage R. Accordingly, the light that has been reflected
aplurality of times is returned toward its original direction by
the return surface 211a.

Then, in this embodiment, a preliminary reflection surface
2115 to reflect the ultraviolet light irradiated from the LED
element 222 so that the light inclines toward the other side of
the flow passage is formed on a side that is further to the one
side of the flow passage R from the first reflection surface 211.
By providing the preliminary reflection surface 21154, after
the ultraviolet light irradiated from the LED element 222 is
reflected by the preliminary reflection surface 21154, the light
path of the ultraviolet light becomes similar to that in the
above described first embodiment. Accordingly, as shown in
the graph in FIG. 5, the relation between the distance and the
light intensity becomes similar to that in the case of the first
embodiment (the graph in FIG. 3).

As described above, in the sterilization device 200 accord-
ing to this embodiment too, the same effects as in the case of
the sterilization device 100 according to the above described
first embodiment can be achieved. In addition, in the case of
the sterilization device 100 according to the above described
first embodiment, the construction is such that the light source
unit 120 is disposed aslant with respect to the housing 110, but
on the other hand, in the case of the sterilization device 200
according to this embodiment, there is no need for the light
source unit 220 to be disposed aslant with respect to the
housing 210, so it has an advantage that the device as a whole
can be reduced more in size.

Referring to FIG. 6A and FIG. 6B, a case where the ster-
ilization device according to this embodiment can be disad-
vantageous will be explained.

As described above, the window 224 is disposed between
the light source unit 220 and the flow passage R. Here, it is
desirable not to let the reflected light, that is the ultraviolet
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light irradiated from the LED element 222 and reflected for
the first time, enter the window 224. This is because a portion
of the reflected light which enters the window 224 does not
thereafter return to the interior of the flow passage R and thus
it does not contribute to sterilization. Hence, the sterilization
efficiency will be decreased.

As to the ultraviolet light irradiated from the LED element
222, FIG. 6A shows a case where although its central portion
(optical axis) is being reflected by the second reflection sur-
face 212 and is not entering the window 224, a portion of the
ultraviolet light is entering the window 224 (refer to a line
L1). In this example, almost a half of the ultraviolet light
irradiated from the LED element 222 is entering the window
224.

As a measure to deal with this, a half mirror which allows
the ultraviolet light traveling from the LED element 222 side
toward the interior of the flow passage R to pass through,
while reflecting the ultraviolet light traveling from the interior
of the flow passage R toward the LED element 222 side, can
be provided to the window 224. For example, a half mirror
treatment in which a thin metal film is vapor deposited on the
surface of the window 224 composed of glass can be applied.
Nevertheless, because the transmittance and the reflectance
of the half mirror are low as compared with ordinary mirrors,
the amount of light transmitting therethrough is reduced.
Hence, it is desirable to keep the reflected light from entering
the window 224 by a geometrical configuration of each com-
ponent.

For example, by extending the distance from the window
224 to the preliminary reflection surface 2115, itis possible to
keep the reflected light from entering the window 224. How-
ever, in this case, there is a disadvantage that the distance
between the first reflection surface 211 and the second reflec-
tion surface 212 becomes long, causing the housing 210 to
become large, and hence difficulties in reducing in size may
arise.

In addition, by increasing the gradient of the preliminary
reflection surface 2115, it is possible to keep the reflected
light from entering the window 224. However, in this case, the
distance the light travels after being reflected once and until
the next reflection may become long. Thus, a region through
which the ultraviolet light does not pass may be formed
(increased) within the flow passage R. This point will be
described below in more detail with reference to FIG. 6B.

As shown in FIG. 6B, by increasing the gradient of the
preliminary reflection surface 2114, it is possible to keep the
reflected light from entering the window 224, without extend-
ing the distance from the window 224 to the preliminary
reflection surface 21154. Note that in FIG. 6B, a line L1 indi-
cates a light path that is the closest to the one side of the flow
passage R.

However, in this case, both the distance the ultraviolet light
travels after it is reflected by the first reflection surface 211
until it reaches the second reflection surface 212 (the distance
in the direction from the one side to the other side of the flow
passage R), and the distance it travels after it is reflected by
the second reflection surface 212 until it reaches the first
reflection surface 211 become long. As a result, a region 7Z
through which the ultraviolet light does not pass may be
formed within the flow passage R. Accordingly, this becomes
a cause to decrease the sterilization efficiency. Next, refer-
ence will be made to an embodiment in which such a defect
can be eliminated.

Third Embodiment

A third embodiment of the present disclosure is shown in
FIG. 7 and FIG. 8. FIG. 7 is a front view of a sterilization
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device according to the third embodiment of the present dis-
closure. FIG. 8 is a schematic cross sectional view (A-A cross
sectional view in FIG. 7) of the sterilization device according
to the third embodiment of the present disclosure. In FIG. 8,
a relation between the distance and the light intensity along
the centerline of a flow passage R from one side to another is
illustrated in a graph beneath the cross sectional view. In
addition, as for an example of the application of a sterilization
device 300 according to this embodiment, it is similar to the
one already described with reference to FIG. 1.

The sterilization device 300 is provided with a housing 310
having a flow passage R for a fluid that is to be sterilized and
a light source unit 320 being disposed in the housing 310.

The light source unit 320 is provided with a substrate board
321, an LED element 322 mounted on the substrate board
321, and a lens 323 for condensing ultraviolet light irradiated
from the LED element 322. The LED element 322 is a light
source for irradiating the ultraviolet light into the flow pas-
sage R. The number of the LED element 322 is not limited in
particular, and multiple elements can be arranged in a row
along a longitudinal direction of the substrate board 321 (i.e.
awidth direction of the housing 310). With respect to a power
supply (battery) for the LED element 322, it may be disposed
in the sterilization device 300 (e.g. the housing 310), or may
be disposed on the outside of the sterilization device 300 (e.g.
the case 510 of the above described water purifier 500).

In addition, a window 324 is disposed between the light
source unit 320 and the flow passage R. The window 324 is
arranged so as to separate a region in which the light source
unit 320 is disposed from the flow passage R. That is, in order
to keep the fluid to be sterilized (water) from flowing toward
the side of the light source unit 320, the window 324 bears a
role to prevent an incursion of the fluid into the side of the
light source unit 320 while allowing the ultraviolet light to
pass through.

As shown in FIG. 7, the flow passage R formed in the
housing 310 is constructed such that its cross section becomes
a rectangle. As shown in FIG. 8, an inner wall surface of the
flow passage R has a pair of reflection surfaces which direct
the ultraviolet light irradiated from the LED element 322
from one side of the flow passage R to the other side thereof
while reflecting the ultraviolet light a plurality of times. In the
following, for the purpose of explanation, the pair of reflec-
tion surfaces are referred to as a first reflection surface 311
and a second reflection surface 312, respectively, where nec-
essary. Note thata line L. in FIG. 8 indicates the center (optical
axis) of the ultraviolet light irradiated from the LED element
322.

The first reflection surface 311 and the second reflection
surface 312 are each composed of a plane, and are constructed
such that the planes are arranged in parallel with each other
and are opposing each other. As shown in FIG. 8, the LED
element 322 (the light source unit 320) is arranged with
respect to the housing 310 in such a manner that the direction
of the ultraviolet light irradiated from the LED element 322
coincides with the normal line of the first reflection surface
311 and the second reflection surface 312.

Then, in this embodiment too, as in the first embodiment,
on the side of the first reflection plane 311, a return surface
311a is formed on a side that is further to the other side of the
flow passage R from the first reflection surface 311. The
return surface 311qa is composed of a surface that is perpen-
dicular to the optical axis of the light which has been reflected
a plurality of times from the one side to the other side of the
flow passage R. Accordingly, the light that has been reflected
aplurality of times is returned toward its original direction by
the return surface 311a.
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Moreover, in this embodiment, as in the second embodi-
ment, a preliminary reflection surface 3115 to reflect the
ultraviolet light irradiated from the LED element 322 so that
the light inclines toward the other side of the flow passage is
formed on a side that is further to the one side of the flow
passage R from the first reflection surface 311. The prelimi-
nary reflection surface 3115 is formed at a steep angle so as to
keep the reflected light of the ultraviolet light irradiated from
the LED element 322 from entering the window 324. Note
that in FIG. 8, aline L1 indicates a light path that is the closest
to the one side of the flow passage R.

Then, in the case of this embodiment, a reflection direction
regulating surface 312a to regulate the direction of the
reflected light of the ultraviolet light is formed on a side that
is further to the one side of the flow passage R from the second
reflection surface 312. By providing the reflection direction
regulating surface 312q, after the ultraviolet light irradiated
from the LED element 322 is reflected by the preliminary
reflection surface 3115 and further reflected by the reflection
direction regulating surface 3124, the light path of the ultra-
violet light becomes similar to that in the above described first
embodiment. Accordingly, as shown in the graph in FIG. 8,
the relation between the distance and the light intensity
becomes similar to that in the case of the first embodiment
(the graph in FIG. 3).

As described above, in the sterilization device 300 accord-
ing to this embodiment too, the same effects as in the case of
the sterilization device 100 according to the above described
first embodiment can be achieved. In addition, in the case of
the sterilization device 100 according to the above described
first embodiment, the construction is such that the light source
unit 120 is disposed aslant with respect to the housing 110, but
on the other hand, in the case of the sterilization device 300
according to this embodiment, similar to the case of the
second embodiment, there is no need for the light source unit
320 to be disposed aslant with respect to the housing 310, so
it has an advantage that the device as a whole can be reduced
more in size.

Note that in this embodiment, a construction in which the
reflection direction regulating surface is further added to the
construction shown in the above described second embodi-
ment has been shown. In addition, by employing such a
construction, it becomes possible to keep the first-reflected
light among the ultraviolet light irradiated from the LED
element from entering the window, and at the same time, it
becomes possible to eliminate (reduce) a region in the light
path through which the ultraviolet light does not pass. Nev-
ertheless, also in the construction shown in the above
described first embodiment, depending on the direction of the

light source unit (the LED element), there is a possibility that 5

a region in the light path through which the ultraviolet light
does not pass may exist (increase). Accordingly, in such a
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case, by providing a reflection direction regulating surface, as
shown in this embodiment, to the construction shown in the
first embodiment, it also becomes possible to regulate the
light path, thereby eliminating (reducing) the region in the
light path through which the ultraviolet light do not pass.

As to the LED element as shown in each of the above
described embodiments, it is preferable to make the LED
element irradiate ultraviolet light only at the time of using by
providing, for example, an on-off switch.

REFERENCE SIGNS LIST

100, 200, 300 sealing device

110, 210, 310 housing

111, 211, 311 first reflection surface
111a, 211a, 311a return surface

112, 212, 312 second reflection surface
120, 220, 320 light source unit

121, 221, 321 substrate board

122, 222, 322 LED element

123,223, 323 lens

124, 224, 324 window

2115, 31156 preliminary reflection surface
312a reflection direction regulating surface
500 water purifier

510 case

520 partition

530 first lid

540 second lid

550 water-purifying cartridge

The invention claimed is:

1. A sterilization device, comprising:

a housing having a flow passage of a fluid that is to be

sterilized; and

a light source being disposed in the housing to irradiate

ultraviolet light into the flow passage, wherein

an inner wall surface of the flow passage has a pair of

reflection surfaces which direct the ultraviolet light irra-
diated from the light source from one side of the flow
passage to another side thereof while reflecting the ultra-
violet light a plurality of times; and

a return surface disposed within the flow passage and that

is composed of a surface that is perpendicular to an
optical axis of the light which has been reflected a plu-
rality of times from the one side to the other side, and
returns the light toward its original direction is formed
on a side of one of the pair of reflection surfaces.

2. The sterilization device according to claim 1, wherein
the return surface is a planar surface and an angle between the
return surface and one of the pair of reflection surfaces from
which the return surface extends is an obtuse angle.
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